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ABSTRACT: 

The disposable pull-on undergarment has first and second waist regions and a crotch region 
extending between these two waist regions. The waist regions are connected with each other in 
bonding zones extending along transversely opposite side edge portions thereof so as to define a 
waist-opening and a pair of leg-openings. First elastic members are bonded under tension to 
peripheral edge of the waist-opening and second elastic members are bonded under tension to 
peripheral edges of the leg-openings so that respective opposite ends of the first elastic members 
are positioned and fixed at first zones defined immediately inside the bonding zones in a 
circumferential direction of the waist-opening and respective opposite ends of the second elastic 
members are positioned and fixed at second zones defined immediately inside the bonding 
zones in a circumferential direction Y of the leg-openings. 
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(54) Disposable undergarment 

(57) The disposable pull-on undergarment has first 
and second waist regions and a crotch region extending 
between these two waist regions. The waist regions are 
connected with each other in bonding zones extending 
along transversely opposite side edge portions thereof 
so as to define a waist-opening and a pair of leg-open- 
ings. First elastic members are bonded under tension to 
peripheral edge of the waist-opening and second elastic 
members are bonded under tension to peripheral edges 
of the leg-openings so that respective opposite ends of 
the first elastic members are positioned and fixed at first 
zones defined immediately inside the bonding zones in 
a circumferential direction of the waist-opening and re- 
spective opposite ends of the second elastic members 
are positioned and fixed at second zones defined imme- ■ 
diately inside the bonding zones in a circumferential di- 
rection Y of the teg-openings. 



FIG.2 



20 



21 



22 



n t V Pb 10 

l ^»4«=^==»===^=ig'«^^="=y=»gL z 




a. 



Printed by Jouva, 75001 PARIS (FR) 



1 



EP1 157 681 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] This Invention relates to a disposable pull-on 

undergamient and more particularly to undergamnent 
such as a disposable pull-on diaper, training pants or 
incontinent pants. 

[0002] Japanese Patent Application Publication No. 
1 997-381 34A describes a disposable pull-on undergar- 
ment comprising a liquid-pervious topsheet, a liquid-Im- 
pervious backsheet and a liquid-absorbent core dis- 
posed between these two sheets so as to configure front 
and rear waist regions and a crotch region extending 
between these two waist regions wherein the waist re- 
gions are connected with each other in bonding zones 
extending along transversely opposite side edge por- 
tions of the respective waist regions and thereby a waist- 
opening and a pair of leg-openings are defined. In each 
of the bonding zones, a plurality of welding lines are in- 
temnittently arranged to be spaced one from another by 
a predetennined distance longitudinally of the undergar- 
ment. 

[0003] To take off the used undergamient, the front 
and rear waist regions may be pulled in opposite direc- 
tions to tear off the undergarment along the bonding 
zones from the waist-opening toward the leg-openings. 
[0004] The undergamient is provided with circumfer- 
entlally stretchable first elastic members bonded under 
tension to peripheral edge of the waist-opening and with 
circumferentially stretchable second elastic members 
bonded under tension to respective peripheral edges of 
the leg-openings. Circumferentially stretchable third 
elastic members are bonded under tension to the front 
and rear waist regions so as to extend across these 
waist regions. 

[0005] Each of these elastic members has longitudi- 
nally opposite end portions and an Intermediate portion. 
In the case of the first and second elastic members, the 
opposite end portions and intemriediate portion are dis- 
posed between the top- and backsheets and intenmit- 
tently bonded to inner surface of at least one of these 
sheets by means of adhesive. In the case of the third 
elastic members, the respective opposite end portions 
are disposed between the top- and backsheets and in- 
temnittently bonded to inner surface of at least one of 
these sheets by means of adhesive while the interme- 
diate portion is intermittently bonded to inner surface of 
the backsheet by means of adhesive. The respective 
opposite end portions of these elastic members partially 
lie in the bonding zones. The intemiediate portion of the 
third elastic members circumferentially extend across 
the core. 

[0006] In the undergarment disclosed in the Publica- 
tion, the opposite end portions of the first - third elastic 
members partially lie in the bonding zones and may pre- 
vent the used undergarment from being smoothly torn 
off along the bonding zones. 



SUMMARY OF THE INVENTION 

[0007] It Is an object of this invention to provide the 
disposable pull-on undergannent Improved to be 
5 smoothly torn off along the bonding zones. 

[0008] According to this invention, there is provided a 
disposable pult-on undergarment having first and sec- 
ond waist regions opposed to each other and a crotch 
region extending between these two waist regions 
wherein these first and second waist regions are con- 
nected with each other in bonding zones extending 
along transversely opposite side edge portions thereof 
so as to define a waist-opening and a pair of leg-open- 
ings and wherein first elastic members being stretchable 
circumferentially of the waist regions are bonded under 
tension to peripheral edge of the waist-opening and sec- 
ond elastic members being stretchable circumferentially 
of the legs are bonded under tension to peripheral edges 
of the leg-openings. 

[0009] The improvement according to this invention is 
in that the first elastic members respectively have first 
opposite ends and first intermediate portions extending 
between the first opposite ends, respectively, and the 
first opposite ends are positioned and fixed at first zones 
defined immediately inside the bonding zones In a cir- 
cumferential direction of the waist-opening. 
[001 0] According to one preferred embodiment of this 
invention, the second elastic members respectively 
have second opposite ends and second intemriediate 
portions extending between the second opposite ends, 
respectively, and the second opposite ends are posi- 
tioned and fixed at second zones defined Immediately 
inside the bonding zones, in respective circumferential 
directions of the leg-openings. 
[001 1 ] According to another preferred embodiment of 
this invention, at least one third elastic member lying be- 
low the first elastic members and being stretchable in 
the circumferential direction of the waist-opening is at- 
tached under tension to at least one of the first and sec- 
ond waist regions between the peripheral edge of the 
waist-opening and the peripheral edges of the leg-open- 
ings and wherein the third elastic member has third op- 
posite ends and third intemriediate portions extending 
between the third opposite ends and the third opposite 
ends are positioned and fixed at third zones defined im- 
mediately inside the bonding zones in the circumferen- 
tial direction of the waist-opening. 
[0012] According to still another preferred embodi- 
ment of this invention, a peel strength between the first 
and second waist regions in the bonding zones is in a 
range of 4 - 40 N with respect to 25 mm, a longitudinal 
dimension of the bonding zone. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0013] 

Fig. 1 Is a perspective view showing a disposable 
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diaper as a typical embodiment of this invention as 
viewed from the side a front waist region and par- 
tially broken away; 

Fig. 2 is an exploded plan view showing the diaper 
of Fig. 1 as viewed from the side of a backsheet; s 
Fig. 3 is a sectional view taken along line A - A in 
Fig. 2; 

Fig. 4 is a perspective view showing another em- 
bodiment of the diaper according to the invention 
as viewed from the side of the front waist region and 
partially broken away; 

Fig. 5 is an exploded plan view showing the diaper 
of Fig. 4 as viewed from the side of the backsheet; 

and 

Fig. 6 is a sectional view taken along line B - B in 
Fig. 5. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Details of a disposable pull-on undergarment 
according to this invention will be more fully understood 
from the description of a disposable pull-on diaper as 
one embodiment given hereunder with reference to the 
accompanying drawings. 

[0015] Fig. 1 is a perspective view showing a dispos- 
able diaper 1 as viewed from the side of a front waist 
region 20 and partially broken away, Fig. 2 is an explod- 
ed plan view of the diaper 1 shown by Fig. 1 as viewed 
from the side of a backsheet 3 and Fig. 3 is a sectional 
view taken along line A - A in Fig. 2. 
[0016] The diaper 1 basically comprises a liquid-per- 
vious topsheet 2, a liquid-impervious backsheet 3 and 
a liquid-absorbent core 4 disposed between the top- and 
backsheets 2, 3. The liquid-absorbent core 4 has its en- 
tire surface covered with and bonded to liquid-pervious 
tissue paper (not shown) and the core 4 is bonded to 
inner surface of at least one of the top- and backsheets 
2. 3 via the tissue paper. 

[0017] As seen in Fig. 2, the diaper 1 has a front waist 
region 20 (first waist region), a rear waist region 22 (sec- 
ond waist region) and a crotch region 21 extending be^ 
tween the front and rear waist regions 20, 22. The diaper 
1 Is contoured by transversely opposite side edge por- 
tions 1 a curving transversely inward to describe circular 
arcs and longitudinally opposite edge portions 1b ex- 
tending parallel transversely of the diaper 1 . Portions of 
the top- and backsheets 2, 3 extending outward beyond 
peripheral edge of the core 4 are placed upon and bond- 
ed to each other. Bonding zones B1 extend along the 
respective transversely opposite side edge portions 1 a 
of the top- and backsheets 2, 3. Each of the bonding 
zones B1 comprises a plurality of welding lines 7 inter- 
mittently arranged so as to be spaced one from another 
by a predetemnined distance longitudinally of the diaper 
1 . Of the diaper 1 , the bonding zones B1 are illustrated 
to be defined between imaginary lines Z and the adja- 
cent side edges 1c of the front and rear waist regions 



20, 22 and to contain therebetween the welding lines 7. 
[0018] The respective side edge portions la of the 
front and rear waist regions 20, 22 put flat together are 
bonded together in the respective bonding zones B1 to 
define a waist-opening 5 opening upward as viewed in 
Fig. 1 and a pair of leg-openings 6 opening right- and 
leftward, respectively, as viewed in Fig. 1 . 
[0019] A plurality of elasticaily stretchable elements B 
(first elastic member) circumferentially extending in a di- 
rection X are bonded under tension to peripheral edge 
of the waist-opening 5. Similarly, a plurality of elasticaily 
stretchable elements 9 (second elastic member) cir- 
cumferentially extending in a direction Y are bonded un- 
der tension to respective peripheral edges of the leg- 
openings 6. 

[0020] The elastic members 8 associated with the 
waist-opening have their longitudinally opposite ends 8a 
(first opposite ends) lying in the transversely opposite 
side edge portions la of the front and rear waist regions 
20, 22 and an tntennediate portions 8b (first intemiedi- 
ate portion) extending between the respective opposite 
ends 8a. The respective opposite ends 8a are posi- 
tioned in zones B2 defined immediately inside the re- 
spective bonding zones B1 in the circumferential direc- 
tion X. The elastic members 8 is disposed between the 
top- and backsheets 2, 3 with their respective opposite 
ends 8a partially fixed to inner surfaces of these sheets 
2, 3 in the respective zones B2 by means of adhesive 
10 and with their intermediate portions 8b intemnittent- 
ly'fixed to inner surfaces of these sheets 2, 3 by means 
of adhesive 11 . 

[0021] The elastic member 9 associated with each of 
the leg-openings has longitudinally opposite ends 9a 
(second opposite ends) lying In the transversely oppo- 
site side edge portions 1 a of the front and rear waist 
regions 20, 22, respectively, and an intermediate portion 
9b (second intemiediate portion) extending between the 
opposite ends 9a. The opposite ends 9a are positioned 
in zones B3 defined Immediately inside the respective 
bonding zones B1 in the circumferential direction Y. The 
elastic members 9 are disposed between the top- and 
backsheets 2, 3 with their respective opposite ends 9a 
partially fixed to inner surfaces of these sheets 2, 3 in 
the respective zones B3 by means of adhesive 12 and 
with their intermediate portions 9b intermittently fixed to 
the Inner surfaces of these sheets 2, 3 by means of ad- 
hesive 13. 

[0022] In the presence of these elastic members 8, 9 
incorporated in the diaper 1 , the peripheral edge of the 
waist-opening 5 has a stretchability in its circumferential 
direction X and the peripheral edges of the leg-openings 
6 have a stretchability in their circumferential direction 
Y. Refemng to Fig. 1 , a plurality of gathers are formed- 
along the respective peripheral edges of the waist-open- 
ing 5 and the leg-openings 6 as the elastic members 8, 
9 contract. 

[0023] Preferably, the respective opposite ends 8a, 
9a of the elastic members 8, 9 are fimnty fixed to the 



15 



20 



25 



30 



35 



40 



45 



SO 



3 



5 



EP1 157 681 A2 



6 



inner surfaces of the top- and backsheets 2, 3 In order 
to prevent these opposite ends 8a, 9a from being unin- 
tentionally peeled off from thetop-and backsheets 3 dur- 
ing use of the diaper 1 . 

[0024] To take the diaper 1 from a wearer's body, the 
diaper 1 may be torn off along the bonding zones B1 
from the waist-opening 5 toward the leg-openings 6. The 
respective opposite ends 8a, 9a of the elastic members 
8, 9 are not present In the bonding zones 61 and there- 
fore only a peel strength of the bonding zones 61 in the 
welded lines 7 resist operation of tearing off the diaper 
1 along the bonding zones 61 . 
[0025] The peel strength of the diaper 1 in the bonding 
zones 61 Is In a range of 4 - 40 N with respect to 25 mm, 
a longitudinal dimension of the bonding zone 61 . The 
peel strength less than 4 N/25 mm might unintentionally 
separate the front and rear waist regions along the 
bonding zones 61 as a tensile force tending to enlarge 
the peripheral edge of the walst-opening and the periph- 
eral edges of the leg-openings is exerted on the diaper 
1 . The peel strength exceeding 40 N/25 mm might re- 
quire a remarkable force to tear off the diaper 1 along 
the bonding zones 61 . 

[0026] Fig. 4 Is a perspective view showing another 
embodiment of the diaper 1 as viewed from the side of 
the front waist region 20 and partially broken away, Fig. 
5 is an exploded plan view showing the diaper 1 of Fig. 
4 as viewed from the side of the rear waist region and 
Fig. 6 Is a sectional view taken along line 6 - 6 in Fig. 5. 
[0027] The diaper 1 comprises a liquid-pervious top- 
sheet 2, a liquid-impervious backsheet 3 and a liquid- 
absorbent core 4 having its entire surface being covered 
with and bonded to water-pervious tissue paper (not 
shown). These sheets 2, 3 and core 4 configure together 
a front waist region 20 (first waist region), a rear waist 
region 22 (second waist region) and a crotch region 21 
extending between the front and rear waist regions 20, 
22. The diaper 1 is contoured by transversely opposite 
side edge portions 1a longitudinally extending partially 
parallel to each other and partially curved Inward trans- 
versely of the diaper 1 to describe circular arcs and lon- 
gitudinally opposite edge portions lb transversely ex- 
tending parallel to each other. 
[0028] The transversely opposite side edge portions 
1 a of the front and rear waist regions 20, 22 put flat to- 
gether are bonded together in the bonding zones 61 to 
define a waist-opening 5 opening upward as viewed in 
Fig. 4 and a pair of leg-openings 6 opening right- and 
leftward as viewed in Fig. 4. 

[0029] The diaper 1 Fig. 4 is distinguished from the 
diaper 1 of Fig. 1 in that the adhesive 17 is applied in 
the form of dots as will be best seen in Fig. 5. In this 
diaper 1 , the bonding zones 61 are defined between im- 
aginary lines Z and the adjacent side edges 1c of the 
front and rear waist regions 20, 22 and these bonding 
zones 61 are coated with the dot-like adhesive 17. 
[0030] The front and rear waist regions 20, 22 of the 
diaper 1 are provided with, in addition to the elastic 



members 8 associated with the waist-opening (first elas- 
tic members) and the elastic members 9 associated un- 
der the leg-openings, a plurality of auxiliary elastic mem- 
bers 14 (third elastic members) are positioned and fixed 
5 under tension to the diaper 1 below the elastic members 
associated with the waist-opening so as to extend in its 
circumferential direction X. The auxiliary elastic mem- 
bers 14 are attached to the front and rear waist regions 
20, 22 and extend across the core 4 in the circumferen- 
tial direction X of the waist-opening. 
[0031] The auxiliary elastic members 1 4 respectively 
have opposite ends 14a (third opposite ends) lying on 
the respective opposite side edge portions 1 a and inter- 
mediate portions 14b (third intemriediate portions) ex- 
tending between the respective opposite ends 1 4a. The 
respective opposite ends 1 4a are positioned In zones 
(64) (third zones) defined immediately inside the re- 
spective bonding zones 61 in the circumferential direc- 
tion of the walst-openlng. The respective opposite ends 
14a of the auxiliary elastic members 14 are disposed 
between the top- and backsheets 2, 3 and partially fixed 
to the inner surfaces of these sheets 2, 3 by means of 
adhesive 15. The respective intermediate portions 14b 
are disposed between the backsheet 3 and the core 4 
and Intemriittently fixed to the inner surface at least of 
the backsheet 3 by means of adhesive 16. 
[0032] In the presence of these elastic members 8, 9, 
14 incorporated in the diaper 1 , the peripheral edge of 
the waist-opening 5 has a stretchability in its circumfer- 
ential direction X and the peripheral edges of the leg- 
openings 6 have a stretchability in their circumferential 
direction Y. Referring to Fig. 4, a plurality of gathers are 
fomned with the respective peripheral edges of the 
waist-opening 5 and the leg-openings 6 as the elastic 
members 8, 9, 14 contract. 

[0033] The auxiliary elastic member 14 attached to 
the front waist region 20 cooperates with the elastic 
members 8 associated with the waist-opening to ensure 
a desired fitness of the diaper 1 around the wearer's 
waist region and, at the same time, to place the core 4 
against the wearer's skin. The auxiliary elastic member 
1 4 may be attached to one or both of the front and rear 
waist regions 20, 22. 

[0034] To eliminate an anxiety that the opposite ends 
8a, 9a, 14a of the respective elastic members 8, 9, 14 
might be peeled off from the top- and backsheets 2, 3, 
these opposite ends 8a, 9a, 1 4a should be f imily bonded 
to the respective Inner surfaces of the top- and back- 
sheets 2, 3. 

[0035] The opposite ends 8a, 9a, 14a of the respec- 
tive elastic members 8, 9, 14 are absent in the bonding 
zones 61 and therefore a factor which will resist tearing 
off of the diaper 1 along the bonding zones 61 is only a 
peel strength of the adhesive in these bonding zones 
61 . The diaper 1 shown by Fig. 4 is similar to the diaper 
1 shwon by Fig. 1 in that the peel strength in the bonding 
zone 61 is in a range of 4 - 40 N/25 mm of the bonding 
zone 61 as measured longitudinally thereof. 
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[0036] The topsheet 2 may be formed with a liquid- 
pervious sheet such as a nonwoven fabric or a porous 
plastic film, more preferably with a liquid-pervious and 
hydrophilic sheet. The backsheet 3 may be formed with 
a hydrophobic nonwoven fabric, a liquid-impervious 
plastic film or a laminated sheet consisting of a hydro- 
phobic nonwoven fabric and a plastic film, more prefer- 
ably with a breathable and liquid-impervious sheet. It is 
also possible to form the backsheet 3 with a composite 
nonwoven fabric (SMS nonwoven fabrk:) comprising a 
highly water-resistant and flexible melt blown nonwoven 
fabric and two layers of spun bond nonwoven fabric 
sandwiching therebetween the opposite sheet surfaces 
of the melt blown nonwoven fabric. 
[0037] The nonwoven fabric used for this invention 
may be of various types such as spun lace-, needle 
punch-, melt blown-, thermal bond-, spun bond- and 
chemical bond-types. The component fiber may be se- 
lected from a group including polyolefine-based fiber, 
polyester-based fiber, polyamlde-based fiber and thick- 
and-thin type or side-by-side type conjugated fiber of 
polyethylene/polypropylene or polyester. 
[0038] The elastic members 8, 9, 14 may be fonmed 
with thread-, filament-, film- or ribbon-like elastomer of 
natural or synthetic rubber. The elastic members 8 as- 
sociated with the waist-opening and the elastic mem- 
bers 9 associated with the respective leg-openings in 
the diaper 1 illustrated by Figs. 1 and 4 may be alterna- 
tively arranged. According to this alternative embodi- 
ment, the respective opposite ends 8a, 9a of these elas- 
tic members 8, 9 may be continuously fixed to the inner 
surfaces of the top- and backsheets 2, 3 by means of 
adhesive 10, 12, respectively, In the zones B2, B3 and 
the Intennediate portions 8b, 9b of these elastic mem- 
bers 8, 9 may be also continuously fixed to the inner 
surfaces of the top- and backsheets 2, 3 by means of 
adhesive 11,13, respectively. The auxiliary elastic mem- 
bers 14 in the diaper 1 illustrated by Fig. 4 may be also 
alternatively arranged. According to this alternative em- 
bodiment, the respective opposite ends 14a of the aux- 
iliary elastic members 14 may be continuously fixed to 
the inner surfaces of the top- and backsheets 2, 3 in the 
zones B4 by means of adhesive 15 and their intermedi- 
ate portions 14b may be continuously fixed to the inner 
surfaces of the backsheet 3 and the core 4, at least of 
the backsheet 3 by means of adhesive 16. 
[0039] The core 4 comprises a mixture of fluff pulp ob- 
tained by crushing wood pulp and high absorption pol- 
ymer grains compressed to a desired thickness. The 
high absorption polymer nriay be selected from a group 
including graft polymer of starch, modified cellulose, 
crosslinked water-soluble polymer and self-crosslinked 
alkali metal acrylate. 

[0040] Bonding the sheets 2, 3 to each other or to the 
core 4 may be carried out by means of suitable adhesive 
such as hot melt adhesive or pressure-sensitive adhe- 
sive, or using suitable welding technique such as heat 
sealing or supersonic sealing technique. Hot melt adhe- 



sive is particularly preferable as the adhesive means 1 0, 
11,12, 13, 15, 16, 17. In addition to adhesive means 10, 
11, 12, 13, 15, 16, 17, the technique of welding maybe 
also used for the purpose of fixation of the elastic mem- 
5 bers8, 9. 14. 

[0041 ] This invention is not limited to a disposable dia- 
per but applicable also to the other disposable pull-on 
underganment such as training pants or Incontinent 
pants. 

10 [0042] In the disposable pull-on undergamnent ac- 
cording to this invention, the respective opposite ends 
of the elastic members are positioned and fixed in the 
zones defined immediately inside the bonding zones in 
the circumferential directions of the waist- and leg-open- 

15 ings, respectively. Such unique arrangement enables 
the used wearing article to be smoothly torn off along 
the bonding zones without being resisted by the respec- 
tive opposite ends of the elastic members. 
[0043] Furthermore, the disposable pull-on undergar- 

20 ment according to this invention has a peel strength 
along the bonding zones adjusted to 4 - 40 N with re- 
spect to 25 mm, a longitudinal dimension of the bonding 
zone. With an advantageous consequence, it is not ap- 
prehended that . the disposable pull-on undergarment 

2s might be unintentionally peeled off along the bonding 
zones, on one hand, and no troublesome effort is nec- 
essary to tear off the used pull-on underganment along 
the bonding zones, on the other hand. 



1 . A disposable pull-on undergarment having first and 
second waist regions opposed to each other and a 

3S crotch region extending between these two waist 
regions wherein these first and second waist re- 
gions are connected with each other in bonding 
zones extending along transversely opposite side 
edge portions thereof so as to define a waist-open- 

40 ing and a pair of leg-openings and wherein first elas- 
tic members being stretchable circumferentiaily of 
the waist regions are bonded under tension to pe- 
ripheral edge of the waist-opening and second elas- 
tic members being stretchable circumferentiaily of 

45 the legs are bonded under tension to peripheral 
edges of the leg-openings, 

said disposable pull-on undergarment further 
comprising: 

said first elastic members respectively having 

so first opposite ends and intermediate portions ex- 
tending between said first opposite ends, respec- 
tively, and said first opposite ends being positioned 
and fixed at first zones defined immediately inside 
said bonding zones in a circumferential direction of 

55 said waist-opening. 

2. The disposable pull-on underganment according to 
Claim 1 , wherein said second elastic members re- 



do 
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spectlvely have second opposite ends and second 
intermediate portions extending between said sec- 
ond opposite ends, respectively, and said second 
opposite ends are positioned and fixed at second 
zones defined immediately inside said bonding s 
zones in respective circumferential directions of 
said leg-openings. 

The disposable pull-on undergarment according to 
Claim 1 , wherein at least one third elastic member io 
lying below said first elastic members and being 
stretchable in said circumferential direction of said 
waist-opening is attached under tension to at least 
one of said first and second waist regions between 
the peripheral edge of said waist-opening and said is 
peripheral edges of said leg-openings and wherein 
said third elastic member has third opposite ends 
and third intenmediate portion extending between 
said third opposite ends and said third opposite 
ends are positioned and fixed at third zones defined ^ 
immediately inside said bonding zones in the cir- 
cumferential direction of said waist-opening. 

The disposable pull-on undergamient according to 
Claim 1 , wherein a peel strength between said first 25 
and second waist regions in said bonding zones is 
in a range of 4 - 40 N with respect to 25 mm, a lon- 
gitudinal dimension of said bonding zone. 
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